A computer program based on boundary element method (BEM) has been developed to solve three-dimensional Laplace equation. The program is capable of handling both bounded and open bounded problems and featured in a new integration scheme to increase numerical accuracy.
where dp/dn is outward normal component of potential gradient on the boundary. 
where ai : i-th arbitrary constant
: Delta function with pole located at xi.
Analytical expression for Wi is Wi =1/4p|x-xi|.
After substitution of Eq. (5) into Eq.(4), the condition that Eq.(4) holds for arbitrary value of ai leads to (6) where formula SOd(x-xi)pdO=bip(xi) is used, bi is is a constant depending on the location of xi ,such that
where o is an inward steradian at xi. Equation (6) relates the potential at xi with integration of the potential distribution on the boundary. Let xi be located on the boundary, then Eq. (6) reduces to N sets of boundary integral equations. Above formulation is well summarized elsewhere(7).
Discretization
Suppose that surface of a three-dimensional body is divided into M sets of elements DGj (j=1, ..,M) and the number of resultant nodes is N, then Eq.(6) may be approximated by (8) where p and q represents p and q0 in Eq.(6) respectively in the case that DGj is element on G2 boundary, and p0
and dp/dn respectively on G1 boundary. This approximation is illustrated in Fig.1 (7), (9) where Nk(x, e): Interpolation function related to k-th local node number pjk, qjk: N odal variables at k-th node belonging to j-th element m : Number of nodes making up element. Substituting Eq. (9) into Eq. (8) and performing numerical integration in the local coordinate (x, e), we have (10) where summation convention is used with respect to suffices k and j. Matrices hkj and gkj follow (11) G|: Jacobian.
Rearrangement of Eq.(10) in terms of grobal node number n which is uniquely specified by index (j, k) gives (12) Solving Eq. (14), one can obtain a set of unknown nodal variables (p, dp/dn)T on the boundary.
Improvement
of Accuracy in Numerical Integration Integrands appearing in Eq.(11) become singular at x=xi because of the property of the fundamental solution Wi. Hence, in the case that the pole xi is within the range of integration, numerical integration in Cartesian coordinate gives inaccurate result in general. Analytical integration is available for two-dimensional problem to eliminate this singularity(7). For three-dimensional problem, however, efficient procedure is not known other than increasing the number of integration points which results in consumption of computational time.
To overcome this, we introduced polar coordinate to eliminate the singularity noting that the integrand f behaves primarily in proportion to reciprocal of r(=|x-xi|) in the vicinity of the pole, i.e. 14) and a resultant linear equation system was solved . In this way , a pair of nodal variables pand q could be obtained at each node distributed on the boundar y. At this stage, one can determine potential value at any location xp inside the domai n using Eq. (6) with bi equal to unity,
where G=G1UG2.
The first term on the right-hand side shows direct contribution from the source itself and the second exhibits effect of the existence of the boundary (image source).
III. RESULTS AND DISCUSSION
1. Numerical Accuracy in Improved Integration Scheme Numerical accuracy of the present integration scheme was investigated.
Consider a metal sphere of R0 in radius with its surface potential given p0.
Numerical solutions for electric field on the surface were obtained varying calculation conditions and compared with theoretical value p0/R0. Results were exhibited in Fig.3 in terms of relative error distributions along the circumference of the sphere. The number of integration points were 3x3 common to all cases. Obviously, the present scheme in polar coordinate gave accurate results more than ordinary numerical integration in Cartesian coordinate (x, e).
Refinement in geometrical representation was shown to be another important factor for higher numerical accuracy.
The present scheme proved to attain 40% reduction of numerical error relative to the ordinary one(7). n2p (x, y, z)=d(x-x0, y-y0, z-z0), With the number of integration points more than 9 (3x3), the numerical results were satisfactory in comparison with both experiment and analytical results.
Frequency of Oscillating Bubble with Free Surface
It is well known that frequency of oscillating bubble in an infinite pool can be predicted by Minnaert formula (9) (21) Equation (21) is no longer applicable to a bubble in a limited pool with free surface since bubble motion is restrained by the presence of pool boundary.
In another word, stream line is skewed due to oscillatory motion of bubble.
This effect, however, is involved in the second term in Eq.(17). Let p* be image value due to a source of unit strength, and note that the strength S of the source can be represented by 42-cR2R, then the second term becomes (4pR2R) 
where p*0: Image value p* at bubble center. With decreasing submergence, hydrodynamic mass of bubble reduces to give rise to higher frequency. This tendency was well predicted by the present analysis.
To the contrary, it is seen that the original Minnaert formula fails to predict bubble behavior especially in the shallow region. 4. Pressure Distribution due to Bubble Exhausted from Safety Relief Valve The present program was applied to actual situation that oscillatory bubble on safety relief valve (SRV) actuation may impose hydrodynamic load on suppression pool boundary. When SRV is actuated, steam enters exhaust pipe and continues to compress nitrogen gas in the pipe until water column in the pipe is expelled out to the pool.
As a result, compressed nitrogen bubble is discharged into the pool under atmosphere to cause pressure oscillation in pool. In consideration of symmetry, 1/8 of the suppression pool was selected for analysis region, whose entire surface was divided into computational meshes composed of 118 quadrilateral linear elements.
Assuming one pressure source located 1.35 m above pool bottom of the pool center, pressure distribution on the pool boundary was evaluated.
Pool was set to be 3.8 m deep at the bottom dead center.
The present calculations were compared with those of FEM. 
IV . CONCLUSIONS
Based on BEM, a computer program was developed which was capable of treating incompressible potential field in three dimensions.
The program was applied to various phenomena related to hydrodynamic load in BWR suppression pool and proved to be an efficient tool in these analyses.
Primary conclusions follow :
(1) A new integration scheme was developed to increase numerical accuracy.
(2) Point source formulation was obtained to get pressure distribution on the surface of three-dimensional structure.
(3) Modified Minnaert formula was obtained to predict frequency of Rayleigh bubble confined in a limited pool, which agreed well with experiments .
(4) The present program was confirmed to be applicable to three-dimensional problem with respect to both accuracy and computational economy. 
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